Along with the rapid urbanization in China, the state of mental health also receives growing attention. Empirical measures, however, have not been developed to assess the impact of urbanization on mental health and the dramatic spatial variations. Innovatively linking the 2010 Chinese Population Census with a 2011 national survey of urban residents, we first assess the impact of urbanization on depressive symptoms measured by the Center of Epidemiological Studies Depression Scale (CES-D) of 1288 survey respondents. We then retrieve county-level characteristics from the 2010 Chinese Population Census that match the individual characteristics in the survey, so as to create a profile of the "average person" for each of the 2869 counties or city districts, and predict a county-specific CES-D score. We use this county-specific CES-D score to compute the CES-D score for the urban population at the prefectural level, and to demonstrate the dramatic spatial variations in urbanization and mental health across China: highly populated cities along the eastern coast such as Shenyang and Shanghai show high CES-D scores, as do cities in western China with high population density and a high proportion of educated ethnic minorities.
Introduction
The state of mental health in China has received growing attention in the past decade due to the increase in the population's economic and societal stress [1, 2] . According to the psychiatric epidemiological surveys conducted by the World Health Organization (WHO) in [2001] [2002] , the estimated prevalence of mental disorders in the preceding year in two Chinese cities-9.1% in Beijing and 4.3% in Shanghai-was still considerably lower than that of other countries (e.g., 18 .4% in France, 26 .4% in the United States) [3] . A 2004-2005 psychiatric epidemiological study conducted by Phillips et al. in four provinces in China showed the adjusted one-month prevalence of any mental disorder was 17.5%; of mood disorders, 6.1%; and of anxiety disorders, 5.6% [4] . In their recent report on the results of the 2010 Global Burden of Diseases, Injuries, and Risk Factors Study, Yang et al. provide clear evidence of the prominence of mental disorders among public health concerns in China: mental and behavioral disorders accounted for 9.5% of all disability-adjusted life-years and 23.6% of all years lived with disability (YLD); seven of the top 20 causes of YLD were mental disorders, with major depressive disorder highest on the list [5] .
Over the past three decades, China has definitively shed its agrarian image. More than 50% of its population now live in urban areas and work outside of the agricultural sector [6] . There has been massive rural-to-urban migration and the uncontrolled expansion of Chinese cities has rapidly devoured surrounding rural areas. In 2011, the total urban area was 43,603 square kilometers, almost six times of that in 1981 [7, 8] . Of the 440 million people who account for the urban growth since 1979, about half are rural-to-urban migrants and the rest are in-situ urbanized rural residents [9, 10] .
The process of urbanization can cause psychological distress and mental disorders, and exacerbate diseases. Urbanization has some health advantages, such as access to improved health care; it also poses substantial health risks, including ambient air pollution, occupational and traffic hazards, poor diet, and reduced physical activity [5] . Urban living, then, has both positive and negative consequences for individuals' mental health: cities usually provide superior health-care facilities but environmental pollution and unhealthy lifestyles contribute to deteriorating health status [11] [12] [13] [14] [15] [16] . The negative effects are experienced directly (e.g., through exposure to polluted air and water) and indirectly (e.g., through perception of risk and attendant chronic stress) by both long-term urban residents and the new urbanites [17, 18] .
Long-term urban residents are likely to demonstrate negative mental health effects because of their increased exposure to a crowded and polluted environment, as well as other risks associated with urban life [19] . For rural-to-urban migrants and in-situ urbanized rural residents, mental health problems may be caused, or aggravated, by the stress of adapting to an unfamiliar society or a different lifestyle. Studies on the effects of migration on individuals' health consistently show that the "healthy migrant" phenomenon does not apply to mental health; instead, the mental health status of migrants is the same or poorer than that of urbanites [20] [21] [22] . There are few empirical measures of the impact of urbanization on individuals' mental health. Such measures are particularly crucial in China, where the process of urbanization is still rapidly ongoing and the issue of mental health receives growing attention [8, 23] .
Linking the 2010 Chinese Population Census with a 2011 national survey of urban residents, we first assess the impact of urbanization on depressive symptoms measured by the Center of Epidemiological Studies Depression Scale (CES-D) among 1288 survey respondents. We then retrieve county-level characteristics from the 2010 Census that match the individual characteristics from the survey, so as to create a profile of the "average person" for each of the 2869 counties or city districts, and to predict a county-specific CES-D score. We use this county-specific CES-D score to further compute the CES-D score for the urban population at the prefectural level, and to demonstrate the dramatic spatial variations in urbanization and mental health across China.
Methods

Study Design and Data Sources
The individual mental health and socio-demographic data for this study come from the 2011 Migration and Quality of Life Survey we completed in collaboration with the Research Center for Contemporary China (RCCC) at Peking University in May and June of 2011.
We employed spatial probability sampling specifically designed to reach urban residents regardless of their household registration (hukou) status [24] . The actual sampling procedure was carried out in several stages. We first randomly selected 26 primary sampling units (PSUs), which are cells of spatial grids defined as half square degrees (HSDs) of latitude and longitude, within strata from a spatial sampling frame of China taken by our partners at RCCC. The strata cover seven geographical areas. In each PSU, we then randomly selected two secondary sampling units (SSUs), which are half square minutes (HSMs) of latitude and longitude, in areas deemed "urban" (We adapted the 2009 Operational Linescan System nighttime light data provided by the Defense Meteorological Satellite Program to the survey sample design and the details are described in another article) [23, 25] .
From these 26 PSUs and 52 SSUs, spread over 19 provinces, 27 prefectures, and 31 counties or city districts, we randomly sampled 1906 households and successfully interviewed 1288 individuals between the ages of 18 and 70 for a response rate of 67.6%. All interviews were conducted in Chinese, face-to-face by trained local college students as interviewers. The average length of the interviews was 38.3 min. To ensure quality control, our fieldwork supervisors checked each completed questionnaire on site during the stage of data collection. Any abnormal patterns or problems were immediately followed up. After completing the fieldwork and data input, the research staff at RCCC did another round of thorough checking and excluded two questionnaires because the respondents were not properly selected within the household. Survey weights were developed to adjust for unequal probabilities of selection and non-response rates. Post-stratification weights were calculated based on the age and gender distribution of the urban population reported in the 2010 Chinese Population Census [10] . Approval for the ethical review of a research project involving human subjects was granted to Juan Chen by The Hong Kong Polytechnic University.
The short form of the Center of Epidemiological Studies Depression Scale (CES-D), an eight-item questionnaire that measures depressive symptoms experienced during the previous week, was administered in the survey. The CES-D was introduced in China in the 1990s and its validity has been tested in various studies [17, 23, 26, 27] . The final score (the sum of the scores for each response) ranges from 0 to 24, with higher scores indicating higher levels of depressive distress. The Cronbach's α is 0.75 for the study sample.
The individual demographic information collected in the survey includes age, gender, marital status, and ethnicity. Measures of socio-economic status are education, occupation, and home ownership. Two variables are dichotomously coded for hukou status: urban hukou and non-local hukou (i.e., hukou that is not from the county of residence).
We use data from the 2010 Census aggregated at the county level to determine the urbanization measure. Population density is measured by the average number of people per square kilometer in each county or city district. The natural logarithm transformation of population density is used in the subsequent regression analysis.
We retrieve county-level characteristics from the 2010 Census that match individual characteristics identified in the survey, including age, gender, marital status, ethnicity, education, occupation, home ownership, urban hukou, and non-local hukou, to create the profile of an average person for each of the 2869 counties or city districts. These variables are used to predict county-specific CES-D scores.
Statistical Analysis
We first compute the descriptive statistics of individual characteristics based on the 2011 Migration and Quality of Life Survey and the county-level urbanization measure of the 31 counties or city districts retrieved from the 2010 Census. Twenty cases from the survey are excluded due to missing data, leaving a sample of 1268 for the analysis. We apply survey and post-stratification weights, and address the problems inherent in a multi-layered clustered sampling design by using the "svy" (survey) commands in Stata 12.0, which estimates appropriately corrected standard errors in the presence of stratification and clustering for individual characteristics. We then estimate ordinary least square (OLS) regressions for respondents' CES-D scores. Individual demographic characteristics, socio-economic status, hukou status, and the logarithmic form of the county-level population density are included as the independent variables. Because the CES-D scores are skewed toward lower values, we also run the regressions with a natural logarithm transformation to approximate a normal distribution. Similar findings are observed when CES-D is transformed in natural logarithm.
We further compute the descriptive statistics on selected variables of China's 2869 county-level administrative units from the 2010 Census, which we use to predict county-specific CES-D scores. Based on the results of OLS regressions with survey data, we plug in the county-level characteristics in the specified equation to calculate the county-specific CES-D score. Because the 2011 Migration and Quality of Life Survey was conducted with a sample of urban residents, we weight each county-specific CES-D score according to the county's share of the prefectural urban population, compute the predicted CES-D scores for the urban population in each of the 339 prefectures in China, and create a map of predicted prefectural CES-D scores for the urban population.
Results
In Table 1 , we summarize the descriptive statistics of individual CES-D scores and socio-demographic characteristics from the survey and the county-level urbanization measures based on the 2010 Chinese Population Census. The mean CES-D score among the survey respondents is 6.10, with a standard error of 0.56. The average population density of the 31 counties or city districts sampled in the survey ranges from 60.74 to 4168.95 people per square kilometer, with 746.56 as the average. In Table 2 , we display results from the two OLS regressions on the CES-D scores with the individual socio-demographic characteristics from the survey and the county-level population density from the 2010 Census as independent variables. The natural logarithm of county-level population density is a consistent, strong, and significant predictor of individual CES-D scores, with coefficient = 1.38 and p < 0.001 in both models, which indicates that a one percent increase in county-level population density would lead to 1.38 increase in the mean CES-D score. Figure 1a further demonstrates that as the population density changes from 60.74 to 4168.95 people per square kilometer across the 31 counties or city districts, the average predicted individual CES-D score increases from 2.61 to 8.44, an almost 6-point difference on the CES-D scale of 0-24. Of all the individual socio-demographic characteristics, belonging to an ethnic minority appears to be most strongly associated with high CES-D scores, as shown in Table 2 , Model 1 (coefficient = 4.52, p < 0.001). To further investigate the actual association between belonging to an ethnic minority and CES-D score and to improve the model specification, in Model 2, we allow two variables to interact with ethnic minority: years of education and professional/managerial occupation. The coefficient on ethnic minority is no longer significant in Model 2, whereas both coefficients on the interaction terms are strong and significant. The positive coefficient on the interaction between ethnic minority and education (coefficient = 0.37, p < 0.001) indicates that those belonging to ethnic minorities with more years of schooling are likely to have higher CES-D scores, whereas the negative coefficient on the interaction between ethnic minority and occupation (coefficient = −3.78, p < 0.001) signifies that holding a professional or managerial occupation significantly reduces the CES-D scores of ethnic minorities. The result from the adjusted Wald F test indicates that including the two interaction terms in Model 2 creates a statistically significant improvement in the fit of the model. In Figure 1b and 1c, we show the differential marginal effects of education and occupation on CES-D scores for respondents belonging to ethnic minorities and Han respondents.
We now move on to predicting county-specific CES-D scores. In Table 3 , we first present the descriptive statistics on selected county variables from the 2010 Chinese Population Census. These county-level variables are calculated as shares of the relevant individual socio-demographic attributes shown in Table 1 . The descriptive results demonstrate huge variations among the 2869 county-level administrative units in China. The measure of urbanization (i.e., the population density), in particular, ranges from 0.12 to 47,181.50 people per square kilometer, averaging 1258.34 people per square kilometer (see Figure A1 ). The percentage of the residents belonging to ethnic minorities ranges from 0 to 99.78, with an average of 16.23. We next use the coefficients obtained from the OLS regression reported in Table 2 , Model 2, to predict county-specific CES-D scores, drawing on county-level data from the 2010 Census. Here we treat each county-level unit as a county average person, which means for example the percentage of ethnic minorities of any county-level unit ranging from 0% to 99.78% is regarded as the probability of a county average person being an ethnic minority ranging from 0 to 0.9978. Based on the OLS results reported in Table 2 , Model 2, we plug the indicators for each county average person into the following equation to obtain the predicted county-specific CES-D score for each of the 2869 county-level units. The resultant county CES-D scores, as shown in the second to the last row of Table 3 , range from −6.50 to 11.46, with an average of 5.57 and a standard deviation of 2.03.
= +
is the predicted county-specific CES-D score; α is the constant of the OLS regression reported in Table 2 , Model 2;
βi is the vector of coefficients obtained from Table 2 , Model 2; and xi is the vector of values on county characteristics presented in Table 3 .
The indicators of county characteristics that match the individual socio-demographic attributes in the survey all have values within the expected data range. The population densities of the 2869 county-level units whose natural logarithm ranges from −2.15 to 10.76 are out of the bounds of the 31 counties or city districts in the survey ((4.11, 8.34 ) in natural logarithm). To be more specific, there are 433 counties with population density in natural logarithm lower than 4.11 and 177 counties with population density in natural logarithm higher than 8.34. Because of the prediction made out of sample, we observe negative values on the predicted CES-D scores for 53 counties with particularly low population density. The predicted county-specific CES-D scores for places with high population density are reasonable and within the expected range. To further measure the uncertainty of the predicted county-specific CES-D scores, we calculate the standard error of the prediction, which ranges from 0.24 to 3.41, with an average of 0.78 and a standard deviation of 0.42. As expected, counties with lower population densities tend to have higher standard errors for the predicted county specific CES-D scores. Particularly, the average standard error of the prediction for the 433 counties with population density in natural logarithm lower than 4.11 is 1.57, whereas the average standard error of the prediction for the 177 counties with population density in natural logarithm higher than 8.34 is 0.63, almost the same as the average standard error of the prediction for the 2259 counties with population density in natural logarithm within the bounds of (4.11, 8.34 ) which is 0.64.
Since the 2011 Migration and Quality of Life Survey only sampled urban residents, we further weight each predicted county-specific CES-D score according to the county's share of the prefectural urban population, and compute the predicted CES-D scores of the urban population for each of the 339 prefectural administrative units. The resultant prefectural CES-D scores, reported in the last row of Table 3 , range from −1.80 to 9.24, with an average of 5.85 and a standard deviation of 1.67. Fourteen cities, including Shenyang, Shanghai, Guiyang, and Xining, have predicted CES-D scores greater than 8. In Figure 2 
Discussion and Conclusions
There is no doubt that China will continue to urbanize rapidly [28] . With the urbanization of the countryside outstripping the urbanization of the people, there is an urgent need to determine the mental health effects of this phenomenon. Such measures are particularly crucial in China where the level of urbanization is expected to further increase and mental health problems are also on the rise. Using population density as a measure of urbanization, we estimate the effect of urbanization on residents' mental health: the county-level population density appears to be a consistent, strong, and significant predictor of individual CES-D scores.
Innovatively linking the 2010 Chinese Population Census with the survey data, we further estimate the CES-D scores for each of the 2869 county "average person" and compute the prefectural CES-D scores for the urban population. The resultant map in Figure 2 demonstrates clearly the dramatic spatial variations in urbanization and mental health across China. Large metropolitan cities along the eastern coast such as Shenyang and Shanghai have a much greater likelihood of high CES-D scores. Because the population densities of the 2869 county-level units are out of the bounds of the 31 counties or city districts in the survey, we observe some negative values on the predicted county-specific CES-D scores. Such issue could only be addressed when survey data on mental health are available from more counties, particularly those of low population density. The predicted county-specific and prefectural CES-D scores for places with high population density, nonetheless, fall within the expected data range and are robust according to the uncertainty test.
The potential effects of the unprecedented urbanization of the world's most populous nation on mental health require further study and policy attention. Properly designed and managed urbanization can lead to improvements in environment and health, but rapid, unplanned, and unregulated urbanization creates environmental pollution and health problems [29] . The results of this study suggest that measures to promote mental health and prevent mental disorders among the urban population should first target cities with high population densities in both eastern and western China. In the meantime, the Chinese government investment promoting urbanization has concentrated on large cities, where the urban population keeps growing and the issue of mental health becomes increasingly prominent. To relieve the population and mental health pressures exerted on large cities, the government must achieve a more equal distribution of resources and opportunities between large and small cities so as to improve the living conditions and opportunities of residents in small cities and reduce the flow of population migration to large cities.
The findings of our study also draw attention to high CES-D scores in cities with a high proportion of educated ethnic minorities in western China. There is hardly any research on the mental health status of ethnic minority groups in China [30] . We speculate that the high CES-D scores may be caused by the barriers that ethnic minorities face in obtaining professional/managerial jobs, even after higher education. This argument, however, needs to be verified by further empirical investigation.
